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AND M£TD(>i>S Oi^lPOSMaNG ANI> ^AOmG^BUMMING^^^ SAME 

FIELD OP lite INVEtlnOK 
5 tl^ pribseiit invention geofindly relates to ndcrodectioinc; devices. Moire 

{mitidtilarly^ tte invehtion teMts to programmable Mcatodectroiuc sGfiictures Suitable for 
ti^in iM^grated drcuiUi. 

BAdCGKOUKD OP THE ttlVfiffltON 

10: Mou^ devices ark often used in dectrbim; systoos aikl con^mtefs to store 

itiibim^tJon in the fbhn of binary data. Tbesfc mefflofy devices may be cbaiacterized into 
varidus types^ type having associated ^with it various advantages and disadvaolages. 

For exiatnple, random access memory (TlAM^ 'ivhich may be found in p^sonal 
boBipiitbrs is typically volatile senticoiiductor memc^ in other words; the stored data is lost 

is if the.pot^er^urte is disconnected or remov^^ Dyliamic RAM f^RA^T) is particularly 
vdlafile in that it niuA be "fefreak^' (/.e., recharged) every few liucroseconds in order to 
maifiUiii the stored data. Static RAM CSRAhf *) will hold the data after oiie writing so Jong 
as the pow^ somfice is. trialntained; once the power source is disconneded^ howev^, the data 
k k>8t Tims, in thes^ volatile m^ory cbiifiguration^ ittfontaatiom is only retained 86 loqg 

2fO • a^ the power to the systetxi is not turned off. In gcssodi, these RANi devices can take up 
signiildant chip area and thedrefore may be e^ensiVe to manufacture and coissucme relatively 
large amouiits of enei^ for data storage, Accordiuglyy improved inemoiry devices suit^le 
ib^ use in parsbn^ cornjnnto a^ 

Othar slclra^ devices such as majgnetic stCHage devices (&^» fldppy di^ hard disks 

is , di^ Inag^xiic tape) ^ 

%e nbfihvblatile^ liaVfe extremely lugh capad^, and can be rifwrittcn inai^ times, 
tiiifcfftnnatdy, these medieory devices are phyacally large; are shoGk/vif»a&]»-seiisitive^ 
require etpeDLSive inechamcal drives, and may consume relatively large amounts of power! 
These rn^ative aqf>iecls make such memory devices iK>n4deal for low power portable 

30 applications such as lap-top and pafan-top computers^ personal digital assistants f^DAs^, 
andtbelike. 

Due; at least in part^ to a rapidly growir^ numbers of c<Mnpact» low-power portable 
computer systdoos in which straed infbrmaSicm changes regularly, low energy readAvrite 
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iiggtnicdiidacteiDeiiE^ Fbrtfaennofe^ 

volatile storage de^vice are dented fc^ iise in sdck^aiits. 

On^ type df ttfograamgible seinicoiuittctcH' iiOiFvoIatDe memoty device soitabl^ for 
5 bsb la i^ii^ systeii^ 

PltOH a ^vtile-oiu^ itsid-txmj (^'WOk^t) device^ uses afl anky of iunble Knka. Once 
. prbgran^^^ the WORM 

Otbfcr fonns of PROk devices iiiclude erasable PROM (^ROKd^ and dectiicafly 
orasable PliOM (0PKO}iS^ devic^ which are alterable after an imtial jfitogramming. 
10 !I^ROMdemee»gbtkerafiyie^ 

to plrbgraofiiikiAg the deVice. Thus, sodi device ar6 geneafally not tvdl suited fxx use ssk 
portable dettrosic devices. WlPKCM devices aie generally easier to program, but suffer 
from other defideiides. In particular, EEfROM devites are relatively coin|>le3^ are 
relatively dlfHcuh to inaiiiiifacture, and are relativiely Jarge. Furthermore, a drcuit rDchidi&g 
15 EEPkOM ddvices must ^TOthstand the high voltages necessary to program the device. 
ConseqDentiy, EEF'J^OM cost per hit of m^ory ca}iiadty is extreanely high conq>ared ivith 
Other ineaiis of data MOr^ge. Anbihfer disadvantage of EBPRdM devices is that, ahhoiigh 
the^ can retain data mthoat having the povv^ source conneeted, they require relatively large 
atnoubtsOfpowerto progninL this power drain can be considoable in a compact portable 
20 isystem powared by a battery. 

In view of the Various problems associated with conventioiial data storage devices 
desoibed above, a relatiVety non-volatile, programmable device which is relatively simple 
add in^jcpen^e to produce is desired. Furthermore this meiDory tecJmology should meet 
. tise ieqiureni^ of tbelneW generation rfjpoirtable cotiii»uter dfirvices by operating at a 
25 refoiivglyidwvohi«^i^^ 

SOMMARYOl^TO BlDf^V^ 
life preseddit invention provides improved microieJectronic devices for use in 
inte^tdi drtuits. More particularly, the inventioii provides relatively noo-voJatfle^ 
30 programmable devices suitable for meoKMy and other integrated cn'oiits. 

The way^ in vib^dx the p(resent invention addresses various driawbacks of now^known 
prog^unmable devices a^e discussed in greater detail bdow. However, in general, the 
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maili£rdi^e» atid w&ich is rdif threly easy to program 

In a(xx)rdidici3 Tvhh ol^ exemplary embC>di]netit of ihe pre^eait imreixtiaii^ a 
ptograifiinabte stibcture ux^ Tbesliactare 
5 is coBfi;gliml such that Tvben a bias is applied across two electrodes^ cme or 0H>re electrical 
prbperties of the structure chaDgOw In accordance ^witli one aspect of this embodimenfc, a 
ri^si^ldiice across the stiucture changes ivben a bias is applied across the ^ectxodes. In 
^(«^dance ttith other aq)ect5 of this 

ofthesthiGturech^esiiponappficatioiiof abia^ Oneorfliorerf 

id the^dec^calehai^esiDdys^^ 
torn a xtcait isdudiog the structure. 

In accordalice With andiher exe^lary embodimeiit of the invention^ a prograi^Qinable 
stnicture includes an ion ccMiductor, at least two electrodes^ and a barrier interposed between 
ai least a portion of one of the electrodes and the ion conductoar. lb accordance with one 

15 &sptct of this embodiin^ the barrier materidl iiicludes a matfnal coinfigured to reduce 
difibsibriofiojtisbetw^theioncoiidw^ora&dat^k^ The dijBb^on banier 

may also serve to prieveat undidred eiectiod^)bstt gnnvth within a portion of the stiucture 
!n dct:iDrdaiice with anothcir aspect^ the banier material inchides an inisaJating material 
Inclusion of all lii^UliitiDg d^^^ 

20 the device. In accordance with yet another aspect of this ranbodiment, the barrier includes 
material that conducts ions^ but which is relatively resistaiit to the conduction of electrons. 
tJse of such niaterial may reduce undestred plating at an electrode and increase the theitbal 
stability of thfe device. 

In acc6^dai^ with ainother citeifip 
1m^6^s&mac iMsdSbt^ is ItoAed on a sar^ of a sttbirtidte by foii&ig a &st dedrode on 
the stit^At^ d^ntid^ h kyer of ioii eondodor itiatinial^ c^ tli6 fiir^ dedrbde^ arid 
dqib^tiitg c^ductrve inatenal onto the ion conducts material. In accordance wHb one 
aspect of this embc^iioenty a solid sohition including the ion conductor and excess 
cc»aduciive material is formed by dissolving {e.g,, via thercbal and/or photodissolotion) a 

30 portion of tl^ conductive material in the ioA co^ In accordance with a iiirther aq>ect, 
only a pcotion of the conductive material is dissolved^ such that a portion of the conductive 
liiaterial remains on a smface of the ion conductor to form an electrode on a sui&ce of the 
ion conductor material. 
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Id a^ctiniat^tnth ai^^ ciinbddhnieiift of thejHtscxit inv^c^on, atleast apoidcMl of 
: a piiibgiaiiiinabie stnicture is fohobed vnHhk a throogb-liole or via in an inailatitig matfyial 
in' accordance with one a^>ect of this ranboduaent, a first dectibde feature is fcHmed on a 
■ sift&c^ of a sobstiateyii^latingiDateria] is deported OB^ 
5 a Via is formed tvithin the iDSiiiatiog material, and a portion of the |no@raknmabJe lecture b 
fohned Svilhin the via. After the via is formed \vithin the tnsidadngiti^^ 
sthKto^e within the . via is fonned by depositing an ion conductive matetial onto the 
conductive inaieiid]^ depositu^ a second dectrode naaterial onto the icm condoetive materia^ 
. and> ifdefared^rinnoving any excess dectrode, io^con^^ hk 
10 acccffdii&c^ whh another ^^pect Of this embodiment^ only the ion condnctor is fonned withtii 
the via. In tins case^ a first electrode is fcxtmed bdoiv the insulating mateiial an in contact 
vfiA the ion coiiductcH; and the second dectrode is fbitned above the insulating material and 
in contact with the ion condQct(sr. The configmation of the via inay be changed to ^er (e.g., 
ri^ce) a contact area between one of more of the dectrodes and the ion conductor. 
15 Redudng the cross-5e»cti<Hial area of the inter&ce between the ion (:(Midactor and the 
electrode iitereasbs the e^dencj of the device (change in dectrical property per ankoont of 
power supplied to the device). In accordance with another aspect of this embodiment^ the 
via may extend through the lower dectrode to reduce the intei&ce area, between the 
dedrode and the ion conductor. In accordance with yel another a^ect of tlusembodinsent, 
20 a pottibn of the ion conductor may be removed &6m the via or the ion conductor matedal 
may be dntctionally deposited into only a portion of the via to lulther reduce an inter&ce 
b^ween an electrtxle and the ion conductor. 

In accordance with another embodiiDent of thfe invmtion^ a programmable device 
nmy be fiAMsd on a 

is ' h ss^TOfdante iwlth a farther cscemplary eimbodimenl of the inv^oh^ nmtt^le Uts of 

fefoiMtidA to stcarfed tn a ai^e p iK^attimable saroctnre.. in acCMtf ance 6d& aispect of 
thiidmbbdime^ a pit»gfamtnable stnicture indudes a floating dectrode intefposed between 
two additional dectrbd^. 

in accordal^ with yet another einbodiment of the invention, multiple prograimnable 

30 devices are coiq;>l^:together using a common dectrode (e.g., a conunbn anode or a conunon 
cathode). 

in accordance with yet another embodiment of the inventioiv nmhiple prograimnable 
devices share a conmx>n dectrode. ^ 
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In accctfdmlcb ivith yet a ftnther ekemplaiy cmbodimeilt oiT tne pr^eait inventiojQ, a 
capackiixice of a programmable structure Is aheared by caiiabg ions tvithin m kin conductor 
of ibe stii)cture to inigratfe. 



5 TOTRP niP,<;f WnOK OP THE DRAWINGS 

A more coiiq^lete imdeir^ 
to the defined descriptioji and daixiis^ considered in comiecdon ivitb the figorea^ i^erdn 
i^e refeireiice numbers refer to simiilar eJem^ throoghoiit the figures^ and: 

Ftgorfe 1 is a cross-sectional ilhistratioji of a programmable stiuctttre fcumed on a 
10 sdiiaceofit^bstrato ill accordaiu:ei»^tbe preset^ 

Pigure 2 is a cToss-sectioDal ilhistration of a progrdnunable structure in accordance 
with an aHemative embodiment of the preseait iiw 

Figure 3 is a cunent-Vohage diagram iUustrating cuneoit and voltage charactedstics 
of the device Dhistrated in Figure 2 in an "on^ and '^off * stat^ ^ 
i s : Figure 4 is a aos^-sectional illustration of a programmable structure in accordance 

ivith yet another eiid)bdiment of the present invention; 

Pijgqre 5 is a schematic illustration of a portion of a memoiy device bk accordance 
iVith an exemplary embodim^ of the present invention; 

Figure 6 is a schematic iUustration of a portion of a meinoiy device in accordance 
20 ^with an ahemative etDb&dimetil of the present invention; 

Figures 7 and 8 are a cross-sectional illustrations of a programmable structure having 
an ion ctxnductcM/dectrode contact inteiiace formed about a perimeter of the ioa conductor in 
. acccmtknc^ iVith another embodiment of the pres^ • 
. . . Figurcis 9 and 10 are a cros&-sectt(mal iUusfatations of a programmable stiucturb 
2$ ;hkvihg ail k^ii coi^ contact int)eii&ce fdnned aboot a perimeter of th6 ion 

ccindui^r in ai(^illS^^ 

Fig^^ 1 1 and 12 ilhistrate a prograci^^ 
in accordance with the present inventidiii; 

Figtires 13-19 iUustrate programmable device structures ivith reduced eJectrode^on 
30 coflductra-tsteriace surface area in accordance with the preset 

. Figure 20. illustrates a pr o grammable device with a tapered ion concfoctor in 
accordance with the present invention; 



f 



Bgures 21-24 IDustiate a parograaimable device mduAig a floatmg electrbde in 
acc6rci&Dtbe y9j]h the preset iinVetitioji; and 

Figures 25-29 iJlustrate common electrode pidgranunabJe device structures in 
accordsuote "with the present invention. 
5 Skilled artisan^ ^vill appreciate that dements in the fignrib are tllustrated fcM* 

/^p^ siM clsutity and have not necessarily bem drawn to scale. Foi example the 
ffilnesiisioni 6f some 6f the elements in the jBgores may be exa^^rated relative to other 
elensc»i£s to help to improve undetstanding of emboifinents of the present inveiDtioa 

10 ptriTAn J?n n F^CRIPnON OP EXEMPLARY EMBODIMENTS 

The present invention generally relates to microelectronic devices. More 
pairticdlariy^ the inV^tion relates to programmable stroctttres or devices suitable for various 
integrated drduit applications. 

Figm^ 1 and 2 illustrate programmable microelectronic structures 100 and 200 
15 fornobd on a surface of a substrate 1 10 in accordance with an exemplary embodiment of the 
pfes&aX inv^biiL Structures 100 and 200 include electrcfdes 120 and 130^ an ion conductor 
140^ and dptionaily itidude bbfier or barrior l&yers 155 and/or 255. 

Generally, structures 1 00 and 200 are configured such that when a bias greater than a 
tbr^shbid vc^ge (VrX discussed in more detail bdbw^ is applied across electrodes 120 and 
20 130^ the electrical properties of structure 100 change. For example; in accordance with one 

cmb<>diDttent of the invention, as a voltage V ^ Vr is applied aa-oss electrodes 120 and 130, 

coiuhictive ioiiis within ion conductor 140 begin to migrate and form an electn>dq>os9t (e.g,, 
e}ectjrodqk>sit 160) at or near the more negative of electrodes 120 and 130; such an 
. ; dedifddqpostiy. however, is n6t required to practice the jprissent ini^enitioa The term 
■IS : ai lilj^ &c9rdn ibean^ aiiy area, within tile ioii ccmdtii^ that has ati 

; . of" reduced metal 6t oth^ c&Achictive m^tcnal com^U to tte 

ix^jkj^Qtt^OD of soch material in the bulk ion conductQr njateriaL As the electiodeposil 
forins, the resistance between electrodes 120 and 130 decreases^ and other d«:lrical 
properties rnay also change. In the absence of any insulating barriers, which are discussed in 
30 more detail below, the threshold voltage required to grow the dectrodqmat from one 
electrode toward the other and therd>y significantly reduce the resistance of the device is 
approxiixiiaidy the redox potential of the system, typically a few hundred millivolts. If the 
. same voltage is applied in reverse, the electrodq)oat will dissolve back into the ion 
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csdiuibclbr and tbe device vnJl xtbsm to a Ugh xesktasce state. In acrardaztice vMi other 
mbbdimesits of the ifiveDtiQ% aj^lication of an electric field between dectrpdes 120 and 
130 iaoiay cause ions dissoiSred ivithin conductor 140 to migrate and thus cause a change in 
th6 electrical properties of device 1 00, ivithout the formatioii of an electrod^sit. Stroctmes 
5 i ()0 and 200 may be used to sto^e information and thus may be For 
' cbcaiDpley structure 100 or other programmable stnictures in accordance with the present 
invcaiition may suitably be used m memory devices to rq)lace DRAM» SRAH FROH 
£PRCH^ 6r SEPltOM deuces. In additic»v jurogrammable structures of the i^esei^ 
invention va&y be Dsed for 6lher apphc&tions where progranunmg or dianging of dectrical 
10 pi^c^ierties df a portton of an decCrical drcuit are desired. 

Substrate 110 rnay include any suitable material For example, substrate 110 may 
include seihicoBkfuctive, conductive, semiinsulative, insulative material^ or any combination 
of such mat^ials. In accordance with one embodiment of the inventioiv substrate 110 
inchtdes an insulating material 112 and a portion 114 including microelectronic devices 
IS forzned on a saniconductor substrate. Layers 112 and 114 may be separated by additional 
lay^ (not shown) siidi as, for exsta^lt, layers tj/pically uS^ to foxm integrated drcuits. 
Because the programmable structures can be formed over insulating or cither materials^ the 
. prograiiunable structures of the present invention are particularly well suited for applications 
where substrate (e.g.» s^conductor material) ^ace is a premhiza * 
20 Electrbdes 120 and 130 may be formed of any suitable conductive material. For 

exaniple, decirodes 120 and 130 may be formed of doped pofysilicon material or metal. 

In accctfdaiQce with one exemplary embodim^ of the invention^ one of electrodes 
120 and 130 is formed of a material including a m^ that dissolves in ioii condoctor 140 

"viOien a sttfSci^ bias (V ^ Vt) is applied across the dectrodes (ooddizabte dedrode) and 
>2i$ d€^etf^ is rdaiivdy inert and dod^ ^ssolve during opcratioii €Kf the 

' . /: Jt^0^(^iiKmab)e^ d indiffirait electrodeX For example, deetiode 120 may be an 

aifOde dorio^ a write pirocess and be comixrised of a material inchiding silver that dissolves in 
ion conductor 140 and electrode 130 may be a cathode duiii^ the Tvrite process and l>e 
coiiq^rised of ab inert material such as tungsten^ nickel^ molybd^iuxn^ platinum, metal 
30 salicides^ and the like. Having at least one electrode formed of a material inctudmg a metal 
which dissolves in ion conductor 140 facilitates maintaining a desired dissolved metal 
. concentration withiii ion conductor 140, which in turn facilitates rapid and stable 
dectrodcposit 160 formation within ion conductor 140 or other dectrical property change 
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di^niig vise df kril6tiire l6b and/oir 200. fbrtbgnnt^ vise of an inigrt material for the other 
.€l&btirt>dfe ((^ibbde during a ^wnte opmAon). fadlilates dectrodissohitio]] of any 
eleclbtKl^^)^ that may liave fonned aiid/or return of the p^ograiomable device to an erased 
mfig iAiSr af^iic^tioir of a saffident voltage. 
'S I^tfi^g an c^ase cqp^tion, disi^hiiion of any dectrodqx>sit that may have formed 

iJr^^tbV ^ ^ ^oeai ihe oiddiiable dectxode/declirodepoSit inteffice. hsitiai 

:dii^]atidiii>f tlfe'eka^fa^ at tb^ oxidizable dectrbde/decttiodejpo^ interface may be 
f^olttated by foJriiian]^ sithieture 100 such that the resistaiice of the at the oxidizable 
de«^iMlc/ded[r6dq>6^ interface is greater thto the reastance at any othdr point along the 
10^ dectiodepositt pkrtiailarly, the inter&ce betwetsn the dectxodepoat and the indifferent 
decerode. 

Ctoief ivay to a^hie^fre rdati^ 
de^^bbde of fd^tively inert, non-otidizing miaterial such as platinum. Use of such material 
leidnc^ fbli^ at the iiitMace. between ion conductor 140 and the indifferent 

15 : efeetrode -wdl ^ the fonnatidn of compounds or mixtures (^the electrode material and 
, ' iott cosductor 140 mziteiial, ^hich topically have a higher r^istance than ion conductor 140 
br the dkitrtdemdftedd^ 

Rddtivdy lo^ resii^tance at the indtfibrent detetrode may also be obtained by 
Mucos a 6aitier layfeT bctVv^ the otidizable decerode (anode during a twite operatibnX 
20 AVh^rein <he bartier layer is foiindd of material having a rielativdy high resistance. 
E^implaiiy high resistiinca materials inchide layers (e.g., layer 155 and/or layer 255) of ion 
amductiibg iiiaitcii^ (e.g., AgxO, Ag^, Ag^Sei, Ag,Te, where x ^ 2, Agyl, wha^e x k 1, 

Gulj^CuO, CuS> CuSe; Cut^ GcQ^ or SiQz) interposed between ion conductor 140 and a 
V iliksd laiyc^r ^ch aid ^er. Some of these materids have additiond benefits as discu 

-^'^ ^Klli^e gjfi^ afid dlmh^on of an dectrbd^at Can also be facilitated by 
: pro^fidii^. a^i^ indtfifereiit dectrode sinfiice (ag., a root mean s<jttare roughness of 
^e^ Ui^oi abdut I nm) at^^^ The roughened surface 

ihay be fonned by manipulating film dqi>osition parameters and/or by etching a portion of 
30 one of the dectrode of ion conductor surfeces. During a write operation, relatively high 
dectricd fidds form about the qnkes or peaks of the roughened surface, and thus the 
. dectrod^sits are more likdy to fonn about the spikes or peaks. As a result^ jnore reliable 
and uniform changes in dedricaJ properties for an qyplied voltage across dedrodes 120 and 
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-13(0 jDtfary he cbtimed by providing b rbughed intdj^ between die indifTereiit electrode 
: (£ath6di£ dbiiiig a^fviite df>tfati6ii) ^ iod condiiictor 140. 

O^ddizabie electrode material may have a tendency to thentially dis^lve or ^EdSbse 
into ion coioduct^H' 140- particularly during fabrication and/or operation of structure 100. 
'■ 'S^ tfe thatDkl diiSb^dii is undesired because it may redude the resistance of structure 100 and 
iik^B fiedoc6 the d^nge of an electrical property dmixiig use of structure 100. 
Td tedb'ce Undestred dif&sion of oradizab 
. ahd m aG6b#d^M».t^ ^bodtmenl of the inventiQEiy the oxiifizable eJectrode 

:ih\^de^ a:i!Qk^^^^n in a tr^isitioii mkal suliBde or setenide material such as 

. 10 . AiCKiB})!.,^ >vibere A i$ Ag or Ci^ B is S or Se; M is a tran^on naetal such as Ta^ and H, 
dixi X raises fibiii abdul O.l to abc^ 0.7. Ihe iiiterc^sAed material mitig^es imdemed 
ihcTinal diffo^oii Of the niietal (Ag or Co) into the ion conductor maiterial. While allowing the 
metal to participdte in the electrodeji)Osit growth upon application of a sufficient voltage 
Across electrode 120 ami 130. For exid[iq)le> wheii silver in intercalated into a TaSj film, the 
Is TfliiSi fitei cian' include to about 66.8 atoniic percent silver. Hie Ax(MB2}i.x material is 
. jxrdr^bly aiiOK}jrph6l]s to prevent: to pr^fVent undei^ed difiiisioii of the metal though the 
xdiateriaL The aborphtRis material may be formed by, for ebcample, phyacal vapor 
depositibn of a target iibaterial comprising Ax^l&i)i.x. 

cc-Agi Is ano&er Suitable mfll^al for the oxidtzable electrode, as well as the 
'to incfiifereiit electrode. Simile to the A^^(MB^u^ miaterial discussed above» a-AgI can serve 
as, a source of Ag dtinhg opwalion of structure 100 — e.g., upon application of a sufGcient 
bia^> but iht sitvar in the Agl material does not readily thermally diffuse into ion conductor 
' 140. Ajgl has a r^atrvbly I6w activation energy Tor conduction of electricity and does not 

require doping to adneve idatively high conductWi^.. "When the cdddiziable dectrode is 
f : Jb^lbcd c# A^^^^^ of ^er in the AgL lajer ifiHy ffirise diitiiing t^)c^ of strocture 
u. i66,tatik^ta^^ to' the eleictrode. Oneway to provide the excess alver 

{ is to ibnn fl sil^ti: layd* adjacent the AgJ layer as <Ss6D5sed aboVe wheti Agl is used as a 
. botifer layer, the A^ layer (e:g.,layedr 155 andA>r 255) reduces theniial diffusion of Ag into 
i6h conxludtor 140, but does not stgnific^anlly affect conduction of Ag during operation of 
. 30 struttiire lOO. In addition, use of AgpL increases the operational efficiency of structure 100 
because the Agl rnitigates non^Faradaic conduction (conduction of electrons that do not 
participate in the elcctiochanical reaction). 
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\ bttier m^t^ siiH^ie for lA^^ 15$ and/or 255 indode GeOs and SxO^ 
~Ami:^^^' .(jd3i^ am unD ''sbak ot^" silver dtirmg operation of device 

rbtard ibe theinaal dii&sion of silveir to ion condoctor 140, coinpared to 
S&uctiir^ or deVic^ tib^t do Dpi mchide a boffer lajcr. When ion conductor 140 includes 
gtyhwhiltrnti^ GtOi ifi^y be foimed by e9q>odng ion condoctor 140 to an oxidizing 
govixt^teo^ at a teitrperatar^ of aborut 300 X to about 800 ""C or by exposing ion conductor 
140 to do axuiizmg enviroiimeiit in the presence of ladiatkMa having an energy greater than 
!theb^ £^ oftbeionciDi^^ The CeO^ ni^ also be deposited usin^ 

yapoir depq^d^ (ptaik a GeOi ttfget) or chemical v^por def^ontion (from GeHU and an Oj). 

Botfer layers can al»> be nsed to iiK^^ 
Ikyer (ag.» GeOi or SiQc) between ion conductor 140 and the indiifereiit electrode. The 
iniffdr inat^^ ailotv^ tiM;^ such as silver to difiuse though the buffer and take part in the 
:eJectr6dieduCii] ruction. 

in acct^rdatice tvith one embodiment of the inventton, at least one eJectrode 120 and 
130 is formed of xiiaterial suitable for use as an interconnect metal. For example, electrode 
1^0 itmi^ fciM $arl of an iiitietcbniiect strocture v^ithm a smAiconductor integrated circuit. In 
acco3:datike ivith a^|p«ict of this embodim^ eiectiode 130 is formed of a material that is 
tebstsititially iiisohible in m^teiiai coiiqnismg idn conducti^ 140. Exemplary materials 
siiitable tc^ both iiiterconnect and dec^trode 130 miatedal include metals and compoufids 
such as tutigsl^ nickel, molybdenum, platinum, metal siliddes, and the like. 

Lai^ers 155 and/or 255 liiay also include a mateiial that restricts migration of ions 
betw^ conductor l40 and the electrodes. In accordance ivhh exejooiplary embodiments of 
the inv^tion, a barrier laye^ includes icoiidbcting material sudi as titamom nitride^ titanium 
Cfligf^gst^ h 6(fmbiiistion thi^( Ot the l&a thebadrier may be electtically mdifTerait; ie^ 
: it^.^6^ tbftoiigb stnictiire 100 or 200/ but it dodi not itstelf 

' c^^Sbm id cofidbetibfi tldrb^ 200. An dectiicany indiffexeant bairrier may 

redikie utxl^i^ dendrite growth during operation of the prograimnable device^ and thus 
f^y Militate ah "erase'' or dissolution of eIectrodq)Osit 160 when a bias is applied which is 
opposite to that used to grow the electTodq)6sit In addhldnt, use of a ccmducting barrier 
allows for the "indifferenf electrode to be formed of oxidizable miat^ial because the barrier 
p^eveiit^ diffii&ifm of the dectrode matemi to the ion conductor. 

Ion conductor 140 is formed of material that conducts ions upon application of a 
suffident voltage. Suitable materials for ion conductor 140 include glasses and 
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ii^b^^'c^ mdtlcna^ In erne ^eniplary esdboifiineiat of the im^eAdo^ ioo conductor 140 
is flamed of disiicO^xtide imaitena]. 

Ion dojoductt^ 14D may aJso suitd>ly include dissolved cODdoctive mat^ia). Fch- 
ex:&st]i|>ie^ ha CmdbCtbi 140 may coni^se a solid solution that includes dissolved metals 
aokd/c^ lEielal ibiois. In accordance ^with one exempJaiy embodiment of the invention, 
.cbioii^iicto^ iddieial and/dr metal ions dissolved in dnlcbgemde glass. An 

ekeiiitiliay thailcogaoide glass with dissolved metal in accordance with the present invention 
mdtttfgs a Md sohition ^As^ut^Ag, Ge.Se|.^Ag, GeSufAg, As£uxO£i,,Ge^.fOh 
-6e^i:^>Cu,: from dboot 0.1 to about 0.5 othbT dialcogenide materiab 

ittdDding ^€t, (ioppibt^ zlbc^ combinations of these ms^erisd% dnd tiie lik& In addition, 
condnetor 140 may indnde nettvotk modifiers that affects niiobility of ions through 
coJ&fiictor 140. For exstmple^ materials such as metals (e,g., sOverX halogens, halides, or 
hydfogen may be added to cbnductor 140 to enhance ion mobility and thus mcrease 
. mse/wiite s{>€^s of the stro 

A sotid sdhiBdii i^tiitable fornse as icm condudtor 140 may be formed in a variety of 
i^ySw ftst eidy^le^ th^^stfid Sblutkm msty be fonn^ by dqsc^siting a layer of coiMhictive 
ncidterial such as ndileit&l ov^ Hatx ion cdiodiictive material such as chaicogenide glass and 
e^[K>smg the tiotetjil and glass to thermal anchor photo dissolution processing. In accordance 
with oiie ex^plaiy eaiabocfime&t of the invention, a soUd solution of AsiS3-Ag is formed by 
d^;K>s]ting AS2S3 ojQto a subst]:ate> depositing a thin film of Ag onto the Asi^ and exposing 
the films to Ugbt hairing energy greater than the optical gap of the As^^j^g,, light having a 
Wafvd^D^ of less than about 500 naAometers. If desired, n^oik nKxfifiers may be added 
to comkfctor 140 dming d^xmticm of conductor 140 the modificT is in the dq)6sited 
ii&ittirial or preseift ddriotg ci^iMiuctor 140 m^erial dqK^oa) Or after couductm' 140 material 
i!i d^(>&Sited (e.|r.» l>y c^sitig conductor 140 b an atnib^h^ inehicBng the.netwoik 

In luxc^danke ivith anbth^ eoiibodimeDt of the inve^on, a solid solution may be 
fonit^ by di^positi^g one of the constitoents onto a substraie cl^ another imatoial layo^ and 
reacting the first cdnstituesit tvith a .second constituent . For example^ gennanhun (preferably 
aaxxph^as) may be d^KMOted oiito a portion of a substrate and the germanium may be 
reacted vnthllxSetd form a Ge-Se glass. SimQarly, As can be de)>osited and r^cted ivith 
the £bSe gas^ or arscxuc or germaohuh can be deposited and readed Silvef or 

other metal can then t>e added to the glass as described above. 
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In actohianbe'ivitli ozie ^ect of tliis anbodiineiity a sofid ^hition ioia ctauhidor 140 
15 fbnxked by de^sz^i^'suffid^t inetal onto aii ion cbfiductor mateii^il such that a poitkm of 
iht inetal can betfis^h"^ Xvit^ the ion cdndbctot ipatedal and a iXHticai of the metal 
re&ains 6h a siii&(^ of the ion conductor to ff>im an electrode (e.g., dectrode 120). in 
aiccordance ^mih aRemative embo(fiment3 of thie inventkn^ solid ^lutions cbntaiiung 
: di^lved tiit^B idsijf b(i!direetfy deposited onto aAsmdo 1 10 bud the i^ectiode theai fonned 
c^idjmg the ibEti 

An sidDiuit .of CQoduetive njaterial such as metal dt^Ned in an ion conducting 
.mateiial sbcli as ch^cogemde ma^ iepebd m several factm such as an amount of metal 
.Editable for dissbhitioii and ah anKiiunt of energy Bpj>liid dutiAjg tibie dtssohitidn process. 
However, ivhesi a diiffidi^ amount of metal and energy are ^vd^able for dissohiticm in 
ciialcogenide ifiai^M tii^g photodissohitioD, the dissohittbn process is thought to be self 
limhing^ substatitiaUy halting when the metal cations have been reduced to thdi* lowest 
oxidation state; in the case of As^xSs-Ag^ this occurs at Ag4As2S3 = 2Ag2S + AsjS, having a 
silver cbx)cetitrati(»6faboltt^^ iC the other hand, the inetal is dissolved 

in the chalcdgooiide tnataial n^g thermal dissoluti6% a higher atcaioic percentage of metal 
in the solid sohition may be obtained, provided at suffideiit aniount of metal is aVaDable for 
dissolutioa 

In accordaniDet tvith a further einbodhnent of the ilfvedtion, the sdid solution is 
formed by phbtodissdhiitibn to form a iiuic£bhQmo|;ei]ieous ternary cc^n^KJund and additional 
inetal is added to the solution rising thennal difhision (e.g.> in an inert environm^t at a 
temperatiiire of aboiit 85 X tb about 150 to form a Solid sohition contaimng, for 
' example, about 30 to about 50, and preferably about 34 atoinic percent silver. Ion 
Ciraiductbrs hitving a inetal ct^icenttalion d>dviBi. the pliotodkibldtiph sdhibility levd 
.ficOSates fbi]Qiatk)j£ csf 'dtimdi^f6^ that are theiinalty fi<ai>te temperatures 
: (t^cady alkm ftS %^t6^^^ ISb %) of de^dce^ lOO ^ 200: Ajtematxvefy, the solid 
sdlMton may be himbd thtMullfy dissdhdng the metal into the mn coiKluctor al ibt^ 
t3eaDi|>efature noted abo^e; however, ^lid solution^ farmed exduisxvely firbm photodSssohition 
are thought tb be less hbmogesiecKis than films having stdular inetal concentrations formed 
titstng photodissolutidn and thennal dissolution. 

Ion conductor 140 may also indude a filler material, which fills interstices or voids. 
Suitable fiJler materials include ncm-oudizable and non-silvor based materials such as a non- 
condttctin^g, immiscible siliom oxide and/or sificcm nitride^ having a cross-sectional 
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iSii^oh 6f ItsA tbm abbot 1 ma, ^^Ui do ntit cimbibote to .tbe grt>WUi of an 
. etetixtd^sit Li this case, tlie filler material is presest in the idn cdtidDciGr at a vohune 
/ :J)eitestit of up to abbot 5 pe^ccaat to reduce a. fikyiihbod that an electfodeposit -vrill^ 
sj^oiOaodHSosly dissbhre into the sQjypoiting tetnaiy material as the device is exik>sed to 
5 . er(^ted tentpenitQQrey 

peHbridance of the device. loii ccndoctcnr 140 may also include filled liiat^al to reduce an 
effective cross-stodonal area of the ion cotidoctor. In this case^ the conccaotration of the 
fiUiESi' materidy wluch inay be the alame M 

clonal dimeiiinon .i^ to about 50 iun, ia preseiit in the ion cottbctoir ihaterial at a 
:l6 feOflCriiitti^icai of lip to abctot 50 pareeat by vohatffe the fiUdr material ma^ also indode 
itSsisi such as ahrer or ciapper to &il the voids in th6 ioA condiidtor ii:iaterial. 

in acc^dance ivith O0e exemplary embbdiinbnt of thb tnvbnlion^ ion conductor 140 
indudes a genfianmin^sdeiiide ^iss with sil^or difiused in the glass, tiermamom sdenide 
materials are typically fotlned froni st^laojuln and G^Se)4/2 telrahedra that may combine in a 
15 vaii^ of ways. In a So^rich region, Ge is 4^fb}d coordinated and Se is 2-foId coordinated^ 
ivhich meaiiiS th^t a glass conq>osition near Geo^eoio have a mean coordmation 
iiojoaber of aboiit'£4. Glass tins codrdidatiOn namber is conadered by constraint 
comdiog th^sory to be qiythfially cc^hstrained and hence very stable ivith respect to 
; ' dchdtriiElcaitioar the mmtk in sadi a glass is baiam to sdf-orgafiize and becoine stress- 
20 firee^ niaking it easy for any additive^ e.g./^er, to fiiiiely disperse and form a mixed-glass 
solid sohition. Accordingly, id accordaofce -with one embodim^ of the invention, ion 
cotiduct(»r 140 icchid^ a glass having a composition of Geai7Se0.83 to GeossSto^js. 

Tb& c6ikq>odtion and strbctOre of ion conductor 140 material often de|>ends on the 
st^g or taiget Daatdkl \a6d tx> fbm tbe condiltitisr. Generally, it is desired to form a 
'■ y^ Mjcabg^oiis matdnsil ^et ibr/a^^(tat 140 to JkaliiSie reliable axki r^pe^Je dridce" 
: pafi^^ In aecatduoice imth oxhe etitdibdimbi^^^ inVcaalib^ a targtt ibar physical^ 
vq>dar deposttion of material 8oh^ 

aiq>di]]ie^ pr^l>ariog the ampotile^ maiiitainmg pj^ope^ tettperaturds dtning formation of the 
glassy slow rocking the compositicm, and qoenching thfe conq)Osition. 
30' Volume and wall thidcness arc important Actors for conside^tioii in sdecting an 

ampoule for forming glass. The wall thidmess most be thick enough to withstand gas 
presiBureis that arise during .the glass formation process and are preferably fhm enough to 
facOitale heat exchange dnrii^ the formation process. In accordance ivith exemplary 
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Se aiid Te based cii^c^geiude glasses^ ^vfaere^ qo&rtz aik^poules with a wal) - 
thickness of khtfat i »S mm are lised to fonii suJfuT--based chalcogeoide glasses. In aMtion^ 
thei ydhime of the ani^oale is priefenbly sdecte^ soch that tim votaie of the ampoule is 
5 aboiH five times grater thaki^efiquid 

the anii^e is sdected, tte tiicpDole is prqMnecl fdr glass foxmatiofli^ in ] \ 

aubcbids^ce ivith oEob embodhnent of the bmaa&m, by deaAmg the wBSfioviie vfith 
fi]Mr&fbdrib add, etfaaodoi and 

lb ddox and coofing the did|)dille mKtcir vacmim, fining afiiifpdlde ivith chairge ajftd evacoatiiig 
the aihl^ti^ heating the att4>oole while avoiding meitiiig of the constituents to desoib any 
f^t^ainihg o^ge% and sealing the an^poolcL This prbcess reduces oXygen coiitaminatbn, 
. iwhich in turn pjt>m6tes noadrohomogededus growth of the glass. 

the mehing tetx^atore of the glass formation process depends on the glass 

15 maletiS. In the c^ of genndnhini-based glasses^ sn£Bdenltim 

at lo# teropeialnfe with all available gertnanimn is desired to tvoid eq>losion at sobseqpart 
devated teo^mtureft (the vapor pressure of Se at 920 is 1 0 ATKl and 20 ATM for S at 
I^O^C). To reduce the risk of e]q>losioii» the glass fbrit^ 
a&d|K]llde t^jpeiatitire to abo^ 

.20 bsksed gla^sRSiito) over the pieriod of about an hour and mamtalnhig this tempd^lure for about ! : 

12 hoiirs, Neid, the tejtipa'ature is de\^ted slowly (about 0.5 ^C/min) up to a temperature 
about 50^C ingher than the liquidiis temperature of the material ahd the ampoule remains at 
about this tesnperature for about 12 hours: the t^t]{>eiatare is then debated to about 940 
. V foeiunirei]^^^ 

^ ba^glS^^^I^ 

a Usiik about dx houn^ to increbse thelSDioogeiieify of the glass. 

. Qu^hing is prefbrabiy pexfcMined from a temperature at wUdi the vapiras and the 
liqiiid are in an equilibrium to jModnce vitrification of the desired coiiiposfticaL In this case, 
30 the qpiiencMng temperature is about 50 over the liqoidus temperature of the glass material 
Chalcogenide^rich glasses indude a rai^e of concentrations in which under-constrained and 
. Over-constrained glasses exist In cases where the glass composition coonhniaied number is 
far from the optimal cowdination (eg., coordination numbers of about 2.4 for Ge-Se 
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$yst^) the ^iidsi^tDg late to be &st okjiigh in order to dsstsre vitariScatio% djg^ 
qaenichisig in ico-^water ot an stmngex coolant socfa as a modnre of urea dild icc^watear. 
. Mthe icas^ of ojptittialiy odordGmated glasses, qoendui^ c^an be perfij^^ 

Inoc^daiiiee iiiithoiie at least a ptetion of 

strttCtUre l06 is' fbixfied vnHbia a vift of an ihsnlatiiig mateiial 156. I'onning a pcftion g£ 
stnictttfe 100 ivithin a via of an insulating material 150 inay b6 desiriable because^ ainong 
otber leas^ sudi fostmatkm allows relatively small stmctmta^ e.g., on the order of 10 
n^OttieteiB, to be fonned. In adtfiticm, insolatii^ material 150 fadhtatra isolating varioos 
Strocturcis ICO from other dectncal (^09^ 

Ibsukting matedal 150 SQitabfy inc^ 
electrons and/or icnis from structiire 100, In accordance v^ one embodiment of the 
invention, material 150 includes jalicon nitride, silicon oxyniirid^ polymeric tnafffjats such 
as polyimide or parylene, cnr any combination thereof 

A coDtact 165 may siiiUbly be electricaUy coupled to one ot more electrodes 120J30 
to ikalhate fmding ele«4rical colitact to the respec^e dectrodOw Contact 165 may be 
formed of any c^iiddi^ctive mdteiM and is preferably formed of a metal inich as abmimun, 
ahliniinirti alloys, tnn^en^ oir copper. 

Ill a<^riiaidtie One embodiment ^the itzventioi^ stnlctilre 100 is fomed by 
fojihing electrode 130 on substrate 110. Electrode 130 may be fcMrmed using any suitable 
method such Us, fi^ exan^J^ dejpositing a layer of electrode 130 material, pattenodng the 
electrode materisi], and etthizifg the material to form electrode 130.. Insulating layer 1 50 mky 
be foijzied by dq^Ositing insulftti]^ material onto dectrode 130 and substrate 110 and 
forming viieis iti the ttistita t i nfe materml usang appropriate pattetning ai&d etddng processes. 
Ion c&i^a^: l40 ai^^ electrode 120 may then be fbrtiied trithin insiiltiting. l&yer 150 by 
depostmg ioii lacuiddct<]^i^^^^ ]2p rtitt^Svitiuii t^^ Such ton 

cdndoctoi aiid dectrode linaten^ depoation inay be sdectiv6 - 7.k, the material is 
substantinlly deposited caily Ivithm the via, or the dqwsiticHi processes may*be rdativdy 
nbtt^selectxve. If csHe or more noh-sdective depo^on methods are usedl, any excess 
material remaining 6n a surface of insulating layer 150 may be removed using, for exan:^le^ 
diemical mechanical polishing and/or etdinqg techniques. Bairier layers 155 and/or 255 
inay rimilaf ly be formed uising any suitable d^sitidn Bhd/or etch processes. 
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Ibkmpncilalifig oat as iikdiB dei!4xicai properties of ibe structures. For cxamp\% a tesi5tanc8 of 
d stnictiire xnay be dmiig^ 

opentioii. Siinilarly^ tfae device may be dianged torn a "1" state to a "0^ state dunng tax 
5 opi^^tioii In adc&tbn, ^ discussed in more detail below, the ^ctuf e jDOiay have 

£ai2]tij>le pidgraiiunabie states sach that nialtiple bits of iDfordihtio]i are stored in a suude 
stritctntdw 

id Kgute 3 itbsiiatfes cutri^vott^ 

f^nkture 200) in accordance "wi^ 
. diiam€ler» is about 4 microns^ conductor 140 is abotit 35 nanometers thick and formed 6f 
G^SerAg (near AsgGe^Se/X de^^trcyde 130 is indifferent and formed of nidtd, electrode 
120 is fortned of silver, and bairier 255 is a native nickel dxide. As illustrated in Figure 3, 

is cdfri^ttlii^ 

bia^ bf crvtx abotit one V6lt; JiOfWever, otxce a wnte 5tq> has beeai performed {Le., ah 
electrodep&sat bas foro^dX the resistance throngji conductor 140 drops sigmficantly {te., to 
.ab<d«it 206ofanAsXilhist^ As n<>ted above; when electrode 130 

is coupled to a more negativi^ end 6f a vbltage supply, catsapdittd to electrode 120, an 
20 electrode|>6sit begii^ to foiih near electrode . 130 and grow toward electroRfe 120. Ah' 
effective tbare^ld voltage {i.e., voltage required to cause growtb of the electrodeposit and to. 
breiik through bairiex 255, tber^y c^upfing electrodes 320, 330 together is rdativdy high 
betausie of banier 255. In paiticular, a vbltage V^Vr mttst be applied to sttucture 200 

s^iffident to cShs6 electrons to tmmd through barrier 255 (wh»i barrier 255 comprises an 
in^latidg laylx) tb feltii the d6t^^ (e^g; by tdhnefing 

thitb^d'leak^ 

In atoxrdantcfe i^vitfa alteihat6 embodiments of the iDventiosi, ivh^ no msdbAing 
batiier layer is ftt^^ent, an initial 'SiMite^ tfatesbold voltage is relatively low bec^aose no 
inailative barrier is formed betw^^ tor exmpl^ ion conductor 140 and ehher of the 
30 electrodes 12t>, 130. 
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A sljitei of Ihe dcvide {e^g., 1 or D) may be read, TVitboiit agiiificxamly distuxinng the 
state, Ibiy, for escample^ applying a forward ot remse bias of ixiagiutude less than a voltage 
tiire^ld (about 1.4 V for a stiiicture iUostrated in Figure 3) for eJectrodeposition or by 
5 uaog a cuti^ Ufioit y^lath is less tbstn or equal to the jpinimiim progranuoing current (the 
budm i¥liiciii^ A cutfreot finuted (to 

abcrtit 1 milfiainp) t^ad opeiajtion is shown in Fignre 3. In this case^ the voltage is swcft 
ti:om 0 to abom 2 V atiid th^ im&A nses itp to the si^ Bnul (from 0 id 02 V), indtcatiiig a 
. lowi^aistai>cef((di3iuc^ Another way of perfbnning a ncm- 

10 disturb read pperadon is'to api^ a piilse^ with a relatively short ddratio% may have a 
voltage hi^ieir than the eledrocheinical d^)osition threshold voltage such that no appreciable 
Far^c currdd flows, ie:, nearly all the cutreiDt goes to polaix^ 
not into the electrodepo^tion proce^ 

15 SRASB oita^tLm 

A prol^nfloaaiiiable stitict&re (e,g,, stnictdrib 200) nuiy suitably be ^ased by reverang a 
bias applied during a/Write opcnitibi^ wherein a iDagmtude of the ^lied bias is equal to or 
greater than the tln*efi&)ld voltage for electrodq[>ositson in the reverse directicm. In 
actordaiice Yfiih an ex^plary embodiment of the iii?ention» a ^ufGdent erase voltage 
20 (V^Vt) is appli^ to sfrtittare 200 tbr a piedod of time which depends on the strength of the 
iiutial coniiection but is t}t>ically le^ than at^ 

"ofT state haviiDg a resistance well in excess of a million ohms. In cases where the 
prograinm&bie Stitictarb ddes notindode a barrier between comhictor 140 and electrode 120^ 
a threshold voltage fejr csiS^iig the stiuCtute is .much lower, than a threshold voltage for 
>jntifig iib i^e fhei»»ite qp^bte^ tfaecb^ ojpdntioii dob iiot leqi&e 

dec&tnitimfidhig diifc^j^^ 

COJJTROL OF OFfiRAtlONAL PARAKfflTORS 

the cdncenfl^mion of conductive material in the ion coDtductcH- can be controlled by 
2(0 applying a bias across the prog^immiable device. For example, metal such as stiver may be 
taken out of sobtioii by applying a negative voltage in excess of the reduction potential of 
the conductive material. Conversely, condoGtive material may be added to the ion conductor 
(from One of the electrodes) by apptying a bias in excess of the oxidation potential of the 
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tbt a paitibttiar dtivice &|»(^)iciido% the cc^Dceiitifadcm <san ht reduced by fevers^ bia^g the 
<ievice to reduce the cdiiceoti^CHi of tt^ conductive niateidaL Snnilarly, mc^ may be 
added to the sdiitioii fit>m the oxidizable electrode by applying a sufficient forward bias. 

5 Addttiojtially, it is possible to rentove excess metal build i^p at the iDdifferent dectrode by 
aj^^fing a rietverse.bias for an extended time or an extended bias over that reijuired to erase 
the devitoe ifi^er ixAii^ operating conditi«is. Control of the conducdve material may be 
^ct^mj{>]ishti^ fidf6f]biaticaliy iisifi^ a soitabfe micropfocessor. 

tius.techniqbe may .&lst> be ui^ to form one bf the electrodes from materia) 'Withtn 

10 thb ton csondafdor matrtriBtl Fot ediEafl$»l% silver fi^om the ion co^^ 

form the cnddiaAble d^ode. This aUbTVS the oTtidizable electrode to be formed after the 
disvice is Hilly formed and thus tmtigales pfoblems assodat^d with conductive xnatei^ 
diffusing froin the oxidiziable electrode during manufacturing of the device. 

As noted above^ in accordance with yet another ^id>odiment of the invention, 

15 multiple bits of data may be stored within a single progounmable stmcture by controlling an 
amount of elbcfcrodeposit which is foiined during a write process. An- amount of 
dectrodeposit that forid:Ks dbfing a Write pcdce^ depends oA a number of coubmbs or diarge 
supplied to the structure during the write process^ and may be controlled by using a current 
litnit power source. In this case^ a resistance of a programmable structure is governed by 

20 Equation 1^ wh^e Rc^ is the "on" state resistance^ Vr is the threshold voltage for 
dectrodeposition , and Ium is the maximum cunent allowed to flow daring the write 



Equsition 1 

25 In practice^ the limitation to the amount of information stored in each cell will 

depend on how stable each of ti^ resistance states is with time. For example^ if a structure is 
with a prograinmed resistance range of about 3.5 k£l and a reastance drift over a ^>ecified 
time for each state is about d250 fl, about 7 equally sized bands of resistance (7 states) could 
be foimedl^ allowing 3 bits ofdata to be stored within a auDgles^ In the limit, for near 
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2er6 ddft mresisiaDce in a specified dote fiiiut^ infonnadon tixSA be^ored as a cQstiniliuli 
of stdtes^ Le,, in analog fbnki. 

A portion of an int^rated droiit 402^ including a jprograimnabie sbucture 400^ 
. Cblifiguir^ to pxcyvide additi(»lal isolation from dectionic components is ilhistrated'ih Figote 
4. In accordance "with ah eceinpiaiy embodiinent of the present invehtios, structure 400 
•M<^des etectrbdes 420 aitid 430, an ion cdnidiictor 440^ a conlact 460^ and an ainorpliioDS 
aUcon diode 4^0, such as a Schottk^ or p-n juiictioti diode; fonbiBd betwe^ contact 460 and 
dc^ctrode 420. Rows and c6himns of pri>granm]iable stnKtoes 4^ 
lugh dennty ccKlfigiiraiioai to provide extremdy large ^cvage densities suitable for memory 
drtaiitll. In gcmeral, the hiaxithftm storage density of mcanory devices fa limited by the size 
^ complexity of the columii ajod tow decoder Circuitry* However, a prbgrammable 
Rehire storage st^k cari be suitably fabncatial overlying an integrated ctrcmt with the 
entire seniiconducior chip area dedicated to row/cohmm decode^ semo amplifiers^ and data 
ititanagerni^t circuitry (not shown) since structure 400 need not use any substrate real estate. 
■Li this manner, storage densities of many gigabits per square centimeter can be attained 
nsi% ptogr&mmable strnctiires of the present inveaotiorL Utilized in this rharmer, the 
progriimmable stnictore is essentially an additive tedmology that adds capability and 
fundionsiiity to esdsting semiconductor int^ifated drcoit tedmology. 

Figure 5 sdbematically illustrates a portion of a memory device inchiding stiuctiire 
400 having an isolating p>n junction 470 at an intersection of a bit line 5 1 0 and a ivord line 
520 of a memory circuit Figure 6 illustrates an ahemative isolation scheme employing a 
tfaotastor 610 intc^iiposed between an d&:tn>de and a contact of a programmable structure 
locaited at an iittersectibn of a bit line 610 and a word line 620 of a memory device. 

Figures 7-10 fltostrab jirot^diiunable devices in accordance with another 
CKtnibt^dijDdl^ of the iiiv^oil Hie device ilhistnbd m l^gures 7-10 have an dedrode (e.g., 
tile dftficMe diinpg a ivrite jobcess) tritii a sifiialte cri>£s at^osal area iii cbnlaa witti" the ioli. 
. cdikiuctdr ctki^atd to the devices ilbstrdied in Kgnres 1-2 and 4. The smaller dectrode 
interlace areia is thought to increase the effidency and endurance of the device because an 
iiK:reaised percentage of ions in the solid sohitioh are able to take part in the dectrbdqx>sit 
fctfmation process. Thus any cathode plating from ions that do not paitidpate in the 
dectrod^>osit process is reduced. 

Kgures 7 ami 8 iDustrate a cross sectional and a top cut-away view of a 
progranunable device 700 including an indifferent dectrode 710, an ozidizable dectrode 
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720, tM ia c6iAatitar 730 ftinner ovcxljing an iDsalaEtiDg laytf 740 sudi as salicon 
o^de^ Soiidon nitride, Cr the fike. 

Stiuctiire 700 is fcteed by d^tostting an indifferent electrode material layer, and an 
iiisalating layd- 750 dVedying in^aiting layer 740. A via is tbea fonaed throagh layer 750 
•5. . sn^ elc^dde iffiitcnal Ikyier 710, bang an anisotropic etdi process (e.g., reactive ion etdung 
. • dri6£i inu^Qbig)''£^ extciads to apd/or through a poition of layer 740. llie via id 

tben fiUkd tvith ion cbndiicto matcaial and is soitabty dc^>ed to fintn a s^d sbhstson as 
described herduL Ajoy .ext^ ion eondnctcv matenal is removed firtim H» sartace cif layer 
750 ibd eJecfrdde 730 is fcHined^ fcK- eaompJe using a dqM>s]tbn and etdh process. In this 
10 c^. the iikiiff^ettt eJectrode (dtthode dining vnite process) area in cctiitact tvith ion 
eblMfoctor 730 is thb ^:^ace &r^ of electrode 710 about the pedmeter of conductor 730, 
rBdiar than the area Uoderlyk 

Figores 9 and 10 ilhistrate a programmable device 900 having an indifferent* 
elecifbde 910, an oxidizable electfx>de 920, ain ion conductor 930 and insulating layers 940^ 
15 . ^ MO-in aciedrdaince ivith yet ^ther embodiment of the utvention. Stnictiire 900 is 
situlaif to sfruicture 700, mepl that Once a via is fcxrmed through layer 750, an isotrojac etch 
p»rbeesk (e:g., cheniibal or plasiHia) is employed to fonn the via through electrode 910, such 
ihata sl&ped ihtersection bi^ttveeh an ion conductor 930 and eJectrode 910 is fordoed. 

Figures 11 and 12 illustrate another programmable device 1100, ivith a reduced 
20 . electr&de;46n conductor intb:j&c^ in accordance TVith the present inventioa Structure 1 100 
infdud^s eJet^des 1110 add 1120 and an ion conductor 1130, ibnned on a sin^ce of an 
ki^irtii% matenal ll40, r^dtbef than ivithin a via as discussed above. Li this case, the 
prog^kniiQiable structure b fi>nbed by d^finu^ 
. \ ; in^atbg m^en&l 1140 (e:g., d^>osit]on and etch techniqaes) and forming electrodes 
v^^^^^^" :V bithe 
: ca^ tlbiltostb^ dec^^c^ are forined ov^sfying a^n) in toiitaci vrath 

bdtbi a pcSrtioii' of tlbo ion obnductdr tmi the insulating m^erial. Ahhoo^ the thickness of 
the layers may be'vtairiiMi in accordance ivith i^edfic applications of ti^ device^ in a preferred 
eiacLbodiment of the inv^ition, the thickness of the ion conductor and electrode films is about 
30 1 hm to about 100 noL Sub-lithographic ktenJ dimensbns of portions of the dence may be 
.obtained by overe3q[K>sii^ photoresisi used to pattesn the portions and/or over etdung the 
filizi layer. 
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iaventioiL Structure liOi> is nnulat to the devices ilhl^strated in Figure 7 and 8^ except that 

by jSllOig a poitioii of a yik ^Mtih mjf-iixlk cdoAKta Jiiaterial, rather than etchmg tbtnigli an 
"6 .^ectro^ekfer. 

. StiMiire ^3^6^ dMt6d€s im and 1^20 aid ah ion cbiidattor 1330 formed 

HiiiUm ail htinila^ laf^ 1340, In ibis casie^ i6n conductor 1330 is formed by crea&ig a 
' tr^Kfa ivaiun iiiisols^ ls^& 1340, the ti^ having a diameter indicated by D2. lie 
't^ettdi i^ tteA filled ti^g; tot eitasispl^ int^erence lithogr^hy techinqoes or OMifbimatiy 
10 fihbg the via ivitfa mslilrttfr^ giaterial i£bd using an amsotropic etch process to renxyve sonfe 
\ of the iiii^aBng nidtedal, ItoVuig a via witlk a diameter of D3. Striictare 13CX> fontied using 
this .{^cbiuq[iie may have ^ kin cOnductiDr aoSis sediohal area as small as abtfut lOnm in 
contact TVith electrodes 1310 and 1320. 

Figinnes - 14^17 iUdsiraite another en^xxliment of the invention, Tvhere the cross 
15 secttonal are^ 6f the ioik coiiduetoi/electrode Imdr&ce is relatively small. Structure 1400^ 
iilu^ted M 14, includes elmrodes 1410 aiid 1420 and mi ion ccKnductor 1430. 

^Stfuctlii^ 1400 is fotnsedmii maimer 

Aisieiial is digpoated eoen&m^y,.uSii!|g; for tit&nfipie diemical vapor deposition Or physical 
vaibor da)c^6ii^ into ai trendy and the trlBPch is not filled with the inn cnnAirtni- mat ftrial 

20 StnJctdte 15(^ is similar to strocture 1400, except that an ion conducitor 1530 is 

formed by ^duttg a poition of ion conducted 1430, such that a via 1540 is formed through to 
electrode 1410. Strtictutis 1600 is similar to structure 1500 and is formed by conformaily 
di^siting the ion coiiductor material as described above and then removing the ion 
ei^ddl)tti)r ifiatikial frbin ^ sot^^ of insdatifig matedal 1450 priof to depositing dectzode 
, :i4^ i^^ 17iD0 may be fofimed by ftddetively deposing th6 ioai 

. \ iflio'ciiDly a fkar&oiii bf the tfe&tfi fon^liicd in xnsOlatkig iilatcatial 1450 

X^g^ iismg angl^ dq)6»tibnt aiid/6r siiaddwiojg tedihiques), removing aliy exc&s kOk 
condOGtcur xniitignal oii the sulfate of insulates 1450, ^d forimng an dectrode 1720 
ovtrlying tbb insijdatbr and in bcnitact tvith ion conductor 1730. 

30 Rgares 18 and 19 illustrate yet another embodiment of the inventioi), ivbere a pillar 

tir wail within a trench b used to reduce a cross-sectional area of the interface between the 
ion conductor and <^e 6r more electrodes. Structure 1800, illustrated in I^gme 1 8, tndudes 
electrcki^ 1810 and I ^0 and an ion concfoctor 1 830 fOrined within an insulating layer 1 840. 



21 



\^^ adcfitxbii, sthK^tbtb ISOO iifi^d^ a jS&k 1850 of liusdMiig liiaterial (e.g.» insiildiqg 
mdienat used to foi^ liq^ 1846x foiihed -withm a trench Tvhliiii la^fcr ]840. Stiucture 1800 
inay b6fbiriblsd^^^ Sthictixfe 1900 is 

:dii£di^ to ^cbd-e ISbO, stmctitf^ 1900 indudes a partial piU^ 1950 and an ion 

' .5 c6ittifoddr 1930, wiuc^ 

Rgiirfe 20 iltusttates yci another structiire 2000 in accordance TWth the pre^esA 
iiivention. Stnictiire .2000 includes electii&des 2010 and 2020 axid an ion conductor 2030 
fimned "^^itlun aiti iflSblatbg StnicCnre 2000 is foiniedns&ig an anisotropic or a 

. combin&tioh df an. ani^trcqpic Ion 
to ;t6ndfvct0t 2030 is l&ik' fdrStted ^ritfain the tntSbh. osbg tednuqii^ previou^if described. 

Pigiores 21*24 ilkfstr^^ ph>grttttitt^Ii^ devices in accordaiice vA^ yei anolbdr 
^bodimc^ of the iiiV€^ 

elesctrode^ Which allbw^ nmhit>le bits of infbrmation to be stored ^tnthin a single 
pfogr^iSoniable device. 

15 Stmctiire 2i06 incbdes a JQrst d^ode 2110, a second, floating electrode 2120, a 

third eledfckie 2130, itni c6fiductdr jioxiioj^ 2140 and 2150, Tt^ch may all be formed on a 
^bstt^te&r^^%<^pk^ti»ny Although stroctitfe 

2100 is ilhl^trated.id a l^C^ configutatioi^ the structure may be formed iii a horizontal 
(^iifigni^ti<j% ^sMl V to 

:20' the first aiid third eleetroded are forx^ of ^ tcidiffereiit electrode and the second dectrode 
is fojniied of ah oxidizable electrt>de materiaL Aheriiatively, the first and third electodes 
rday be JTortiied of p^ddiss^ble eleictrode mataial and the second, floating decttode may be 
fijnned of an indilEfeKixt dectrode material. In eitha- case, the structure indudes two %alf 
■edU^'* ivlfM each fialf .cdl fon^ions as a progr^mmiable device described above in 
ypS- ;c^^ i: loif id Jlr&ferkbly configdied sudi that the reastance t)f 

; !dile kdf deli ^lii^t^s^S^ of tftt'c^haif cdl ^b&k both cdls sir^ in an erased 

•■ ■y = --'ske; ■ ' ' ■■ ■ " / . . . ■ 

In tl^ c^ 1^id^ fidatiii^ 
bi£3 Of data may be stoi'ed dS follows. The overall impedance of stiiKture 2100 is 
iO a^roximately equal to the resistance of portions 2140 and 2150. When no dectrodeposxt is 
fdHined Trithin cithier pot^oD, this high resistance state may he r^nresent by the state 00. 
When a voltage is appfied to structure 2100, sudi that elecUode 2130 is positive rdative to 
decth>de 21 10 aiod the applied bias is gr^er that the threshold voltage required to fmsi an 
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thb c6tklitk>b, ala da^tiod 

2150 is Under a rehearse biias condiU 
5 : The grdtvth of the eiectrodepo^ will change the impedance of portion 2140 from Zi to Zi% 
f tfauschftngiisjgthieovei^u^^ 

61. lite aimaat level used to foirm eleefmleix)^ 2160 shciuld be selected such that it is 

sDffideiltjl7idw> aDowing the dectiodq^osit tobe dissc^ed upon s^fication of a sufficaeant 

ievelsebias. Attui'dijtdt^inalybe.fomifedl^fever^gt^ 
iO de(^6dcs 2110 and 2130, sbch that iddst 6f the vdtege drop occofs toOss the high 
. resistahb^ iokd icoiiductor pbition 2150 and fortnation of an dectri(xtej>oA 217i> begin% as 
. llhisti^tbJ in i^igure 

pbrtion 2150 changes from to In^ and the overall iihpedance of structure 2100 is Z\ plus 
Ibi^ which may be represented by the state 1 L Once both half cells are in the write state^ 
15 electrodeposit 2160 and/or 2170 inay be dissolved by applying a siifGdent bias across one or 
both of the half cdb. Hfecfirod^s^t 2170 can be erased, for exan^le; by sufficieiitly 
,^egdtivdy biaSiilg electrode 2130 with reqpect to dectrode 2110, whidi i&ay be rqfxteseuted 
by a state 00. The fo£^ possible states, along with the current limit used to form the states are 
rcixrci^dttted in tabl6 1 bddvtr. 
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StinctUre 2100 can be changed to 1 1 from state 10 by q>plying a low cuntent Emit 
. 25 bias to grow dectrodqx>sit 2150 in portion 2140. Similarly^ structure 2100 can be changed 
from state 11 to state 01 by dissolving dectrodeposit 2170 by applying a rdativdy high 
current limit bias sudi that t^per dectrode 2130 is positive with respect to lower dectrode 
. 2110. Finally, structure 2100 can be retuvned to state 00 using a short current pulse to 
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. df&th^' di$SQit^ ci^dfabde|os^ 2160, iimg a ean&a vMoh is Ugh dkivigh io cause 
i>eafiz6|] iieitti^ Tins Tvifl increase the in^'c^^ 

ibff-cdl b«t1]^ excess inetki can be r^ftoved dectrically from tfab cdl by ]^btii^ H back 
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Otber ik&e si&i ^siso seque^K^ ar6 alsb possible (as are other defimtibns of the 

10 varibos stat^ itfo'd^^ For example, it is possible to go 

from state 00 tb dthcsr state 01 or state 10, dqaending on the write* polarity cbo^n. 
Similariy, it is p6s»ble to go from state 1 1 to either staite 1 0 or state 01 . It is also possible to 
go from state 11 to st^e 00 by the applic^on of a current pulse (in eithesr (Section) -wlnc^ is 
Mgh aiid shott eHoo^ to theramlly dissolve the dectrodepbshs in both half-d^ 

t5 teiltaneott&ly. 

In additioiDi to staling infrMrmation in digital foiim, structure 2100 can also be used as a 
noise-tolerant^ lot^ txfergy anti-fose element for use in fidd prbgramimable gate arrays 
(FPGAs) and field confiigu^ble drciiits and systans. Most physical anti-fuse technologies 
rblqpiire laig«^ ti^eiitS and Voltages to toake a pd!ixianezidi coimi^o^ Ihfe i^ed fco' siich high 

20 ebst^ ^^sivi&Mng l^Mldi is geti^alty a>nsid€aied to be scsmcnyhai be^^ tis tias 
. teSoimiB^ iiki^]iik>d of ffi^lM^&se abddeat^ foiUiin^ ^di^MMciion m etoi^baUy iKusy 
^ittiatibjis. Hcif^eivci; the use of high Voltages siod large cUtieiits on dnp represent a 
sig^Cftnl jprdbk^n as all coiiqponents in the. prograiniding circuits are typicaOy sized 
- ajCtorcOngiy and thc^ high energy consuitiptsdn reduces battery life in portable systems. 

-75 Figures 25^29 illustrate structures in accordance nvith another embodiment of the 

iiivention in tvhich multiple progranunable devioes include a common electrode (e.g,, the 
devices share a common anode or catlK)de. Forming stiuctures in which nmhiple stzuchues 
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shaare a cdtnmDBi dec&bde j8 admitageon^ because soich stmctnies aBow a higjber densi^ of 
ceJb to be fotoied cm a 

Hg^^ 25 £Dd 26 iDostTaie a stocture 2500, having a horizontal tQnfiguration and a 
coimsDn dectroda iSiiiictfiKre 2500 inchides an electrical cc^eetttf 2510 coupled to a 
smface elettindde 2520^ electrodes 1530 and 2540^ and ion conductor portions 2550 
a6d 2560 i^iyidg an iiu«dd^ layer 2lio. Stimcti^ 2500 ia&f be to fotm woid and 
:hit fines as described above by fbnnitig a rcw of electrodes (e.g.» anodes) couple to 
tidiiJiictor 2510» aid (dofaiiiiils of ofypioffitely bias electrdde^ (e:g^ cattod») 
perpeadiciilar to decbrodes 2520. A conductive plug; formed of any suitably oondacting 
10 mateiial can be used, to etedncally coaple electrode 2520 ti> conductor 2510. Althoagh 
illustrated -with a horizoiital cot^gara&m, coroibon electrode stnictuifes in accordance Ivith 
this embodiinesH may be fefdined iising stiiictiirds having a vertical configuratidn as described 
herdn. 

Figures 27 aiid 28 iliuistrat^ additional structures 2700 and 2800 having a common 

J 5 d^ode shared betweientt^OOTmodre devices Structures 2700 ^d 2800 include a conmK>n 
electit)de^ electrodes 2720 and 2725, icm ccmductors 2730,2735 aUd 2830, 2835 req>ectivdy^ 
a&d inimlatiD^ layers! 2/40 affid 2750v. Structiures 2700 aiid 2800 may be foirmed using 
tecfatuepies destirftyed aboVe in coinnectibn vrith Figures 15 and 16 — e.g., by confiHinally 
depo^tmg ion cta&du^ In accordance ninth 

20 aindther ^bcMhment of the invention, directional de^sition may be used to form a structure 
sinular to structure 1700. Structures 2700 and 2800 each inchide two pirogrammable de^ 
induding conmion el^ode 2710 an ion conductor (e.g., conductor 2735) and another 
dectrode (&g., dectrode 272$). Dideclnc inatedd 2750 is an insulating rnaterial that does 

... .ndtintc^eii&vvithsti^^ 
^^"Wiife " : \ 

2^ ib^atratgs a Gbuct^ 
2916 formed ab6ut a cdmxhon dectrode 2920. Bach d the devices 2902>29i6 may be 
formed usiiig the method dessciibed above in connecticm with Figure 21 . In the embodiment 
illustrated in Figure 29, each of dettrodes 2930-2936 and 2938-2944 inay be coupled 

SO together in a directton pierpendicuiar to the direction of conimbn dectrode 2920, such that 
dectrode 2920 forms a bit fine and dedrtxles 2930-2936 and dectrodes 2938-2944 form 
imd lines. Structure 2900 may operate and be isrogirammed in a manner stmilaf to structure 
2100 described above. 
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^cm^ ot stoTtt mfennaEtk)!! by stoiiDg a theegb as oppo^ U> ffdmxig ^ 

decttodes of 1h6 device sudh that positivdy charged k>n!i inigrdtb toward one of the 
. 5 electrodes. If ih6 appJi^ bias is less thdt a wiite threshold vbBage^ ik> shoit will fonn 
b^tWii^ tl^ ieJedttbdesC Gap 

Vlbeh the applied bilks is retnoVed^ the nsetal ions tend to ^ffiise 2iifny firbin the electrode or 
a harrier p^cmfbate the efecfanDde. Ilxfwem, ab interfec^ bettveiE!^ en ion oboAtCtor and a 
hani£r is geoeialty imperfect and in^^ lln3% at least a 

10 poxti(»&6f ioi&rl9di»in'a^ 

. If a mite ypJtage is jfevoRsedl^ the iofis niay siiifably be (fiq>er^ sway froin the inter&ce. 

A jdt>grati£diabl^ structure in a<!$c^dance with the present idv^xtion may be Bsed in 
many s^piicsitions which would otherwise utilize traditional tedixioiogies such as EEPROM^ 
PLASH at DRAM. Advant^es provided by the ptts&at invention ov» present memory 
15 tecimiques inchide> iambng other thinigs> Ici^er production cost and the ability to use flexible 
. fabritatio& tednuqiie^ drte easily ad^rtable to a vaii^ of sipplicplions. The 

. jMr6grainmable stroctttf es 6 

tvhere cost jS the pdioaiaiiy cond^ sUch as smart cards 6isd electronic inventory tags. Also, 
an Nihility to fottii tbe memtisry directly can a ph^c card is a major advant^e in these 
20 q^cattions as tins is geufeHBlly not poss3>le with other foims of semiconductor memories, 

Ftthh«cr» in atcordance With the programmable structures of the present invention^ 
memory eJcuinents ^y be scaled to less than a few square microns in size^ the active portion 
of tibe device bditig less than oo micrc»L tins provides a significant advantage over 
traffilkiii^ s6iid^ii8naor tedi^ 
e^fakelui^sav^ 

Addiliimdly, tltfi dcfVites of thfe prc^^ 
• do Wi requve ''in^neflliing.'* llaiji^ the devices are tvell sijt^e for portahte device 
appfications: 

Although tt^ preseaot invention b set forth herdn in the context of the appended 
30 drawing ^gures^ it should be appreciated that the invention is not fimited to the specific form 
showa For exam{>le; while the programmable stfucture BO 

ccAmection -with prdgranunable memory devices^ the invention is not so limited; the structiire 
the present invention may suitably-be employed as programmable aictive or passive 
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illusbnated as ihcloding bu^er, hsmcr, or transistaf compon^ib; dny of the$6 conqpionmfs 
ibay be added to tite deuces of the i^esent inveDtiOiL Vatiti^ other modifications; 
V^iriatiojis^ ?issA Gbi^oi^^^&st^ in the design and anangetnj^ Of the miblbDd and apparatus 
feirth herein^ may . be inade ivithcmt disparting fixan the ^irifc 'and:^pe of the present 
itity^lkionaSst^fol^ 
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CLAIMS 

\Vedaiib: 

1.. A ^cft>ielibGtR)ftiC progiao^ 
S an ioB (^lidoctorfarii^ of an Joaicondiicth^idaterial and co^yijctiveiQDa; 

an uiicMGrenl dectxbde parb^^ 

2. .Thc»ii!ddfOel6ttronicpn>grdj^^ 
lb bufTdr layer betv^'i^tbeO!!^^ 

3. the nuc^OelectrDnic prograimnable sUuctofe of dakb 2, Wher^ the tmlSer 
layer coibj^ses a material seized from the group ccmsisting of AgzO, Ag^S^ AgtSe, Agje^ 

^Bierex ^ 2, Agyl, wherey ^ 1, Culj, CuO, CuS, GuS^ CuT^ GeCb, and SiOi, 

15 

4. The nucrodiectnmic piiOgranmiable structure of claiii^ 1, ivherdn the 
. iddiffei^ ^ectnyde ds^^ 

5. Th^ :itdat>dikciroiib pTDgraimmabie structure of xMm I, wherein the 
26' csddizable electrode coio^&s a sxmX&nsA sieJ^cted from the groOp codsasti^g of a transition 

met^ sulfide aind a transition metal selenide. 

6. The inicroelectro&ic programmable structure of clairn 5, wherein the 

■ . \:/"'-*/' : - V. ' • . \^ 
li itid j^t^6cmdiie prDiprafiimaUe stnictuTe of ^aim 5, whertin th6 : 
oncfizidble dectirdde edoD^^ 

8. The jmc^ioelectronic programmable structure of elaim. 1, wherein the 
; 30 oxidizable electrode con^dses Agl. 

9. Thb imcrdeiedronic programmaible structure <^ claim 8^ wherein the 
o?ddizable electrode coitqprises excess silver. 

2« 



1 



wo 02^1542 



ID. The nkarbdeckdinc prognomnable stivlrctoe of claim 1, -Wherein llie ion 
cbiiductt)! comprises a solid soiodon selected from the groop coni^sdng of A5cSi.:^Ag, 
O^fSci^Mg, GexSi-*-A& AsiS|.^Cu, Ge,5ei.rOi, GckSi-r-Co, where x ranges from about 
5 0.1 to about 0.5. 

11. The inicrodeclnnuc programmable structure of claim 10, ivfaerm the ion 

coiiiiliii^ cicni^gr^ a frhei in^^ 

iO 12. The midnoelectrdiiic programmable stnicturiei of claii^ 11^ "(^faerda the filler 

material c6rtq)ri^ a dieledric and is present in the ion conducted at a vohittie percent of vp 
foabcMitSOpericent: 

13. The iniGrbeleCtroiuc prbgratmnable structure of claim 11, Avherem the filler 
15 material conxprises a dielecttie and is present in the ion conductor at a vohiobe percent of Up 

to abc^ 5 percent 

14. The xnicroejectioiuc prograttfloiable structure of claim 11, ^heri^ the filler 
iSi^tarial coit^aises sthr^ir. 

20 

15. The microelectronic programmable structure of claim 1, therein the ion 
ct^ndiiciitv ccdxipnses a glass having a compontion of GpKnSt^a to Geas^SeaTs. 

16. The nEiicroeliecfitmic ptograndnttle sbilobirB of ddtm 15, whfe^dm the ion 

17. The' inidr6eJectroQic pTOgraminable structure of d^im 1, iiirther conqpiising a 
tt&Dsistbr m contact ^nth one of the miifizable or the indifferent dectirodes. 

30 18. The iniaoelectronic programmable structdiB of daxnk 1^ further conqmsmg a 

diode in contact with <me of the oxidizable or the indififer^nt electrodes. 
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. 19. jfhe j&dicifbelectroiuc ^ogratnifiable strocture of daiiaa 1, trhearem the ibn- 
coibitofciQr is itotted D^ithm a via in aa insulating material layer. 

20. th^ imcit>electrojcuc programmable structure of daim 19^ further ccm^riaDg 
5 adiodefbifaed'tvitbiiitlievia 

21. The imcTodectromc programniabJe stroctore of claim 19» wherein the km 
COiidiictor dbittacts the indiffer^ ^ectrode about a portion of the perin&eter of the ion 
ct^Dductor. 

10 

22. The microelectronic programmable strbcture of claim 21 » wherein the ion 
boikluctOr contacts the indifferent dectit>de about a sloped portion Of the perimeter of the km 
conductor. 

15 73. The microelectronic j»rogrammable structure of claim wherein the. 

inidifrcrent declTodc^ the oxidizable electrode^ and the ion conductor are formed 6a a sutiace 
of dn insula^g iSuiteci^ layer. 

24. The microelectronic programmable structure of claim 1^ wherein the ion 
20 conductor is formed within a via of a jfirst insulating material layer, and wherein the 

projgrammable structure iurther comprises a second insulating matoial formed within the 
via, 

25. the mieroelti^omc programmable ^ctiirei 6t dSm i. Wherein the ion 
is ecAidi^ctor i» focmcid along a sidewall of a via formed viothin an iii^ating layer^ 

26. the microdeckromc programmable smictiire of daim 1, wherdn the ioa 
• ccnkldclor is f<tfmfed vnthin a 

30 2i, The microelectronic {irogrammable structure of daim I, further compristng a 

t^arrier layer betwem the indifferent dectiode and the ion conductor. 



30 



1 



36 



35. A iixDhi'Cell programjmable Bucroelectraiuc device coxapiising: 
a plurality of electrodes of a first type; 
a plurality of electrodes of a second type; and 



theimdtoelecfronicim)granmiable^ 
is^fBir e6iDjmse^ a conductive nmlenaL 

29. Tbe niiGroeiectrQnic programmable stxnctuie of daim 27, wherein the baitier 
5 layleircoinprisesa^ 

30. The idcroelectrcmic programiDable strucbire of daim i» wherein surface area 
ifae in^fiereKit ekiCfnMie in contact vnth the icm conductor is le^ thdn the surface area of 

the oiddismble eledrdde in contact with the ion cOiiductor. 

10 

31. The jniGTode^oiiic programmable structure of daim 1, wherein an interface 
bgtviNben the indiSer^ di^^ 

32. A muiti-^U prograuu^ble microelectronic d^ 
ii a &rsteiectrddeofa first type; 

a si^GOUd eledrode df a second type; 
a first idn conductive materid of a first re^stan^ 
dcit^ode and the second dei^rod^ 

. atiurddectrod&ofafirsttjfpe;^ 
20 a second ion cotiductive inaterial of a seeond r^sist^ce inte^sed l>etween j | 

the Second dectrode and the third electro r 1 

i 

•• ■ . . ! 

.33. Xheidalti-ceUprogranmiablenuao^ 
atd compiise an indifiTerent electrode matetiai and the sseccmd electit>de [ 

■;•■•*.-*■ • ' • • • ! 

34: llie xiiuMH^ progianmiable mioo^ 
first and tlnrd dectrodes comprise an oxidizable electrode <^*f"«l and the second dectiOde 
cbn^ffises aiu bdrCferent dectiode 
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a phiryhy of ion ccndDCtor striictmi^ 
idn cotiductor strttctitfes is inteiposed between one 6f the plurality of elettrod^ of a jBrst 
axid one of the plurality of electrodes of a second tjpe^ and 

T?berein a plmiality of dectrodes of a first type are decbically coupled 
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36. 11k6jE£n)fti-ei^UpBro 
phtfality of etecfiiodiBS bf a Grsitype conipiise cnddizable electrode matedaL 

'10 . 37: tliejuuh^^ceUi^roeramniableinicroelectr^^ 

pfairaii^ Of etetttodes of & first type conq^ 

3B. Tbe ithilti'Ceil {flrograaunable micrbelectrOiuc device of daim 35^ Tvberem at 
least a poirtion of the phiralify of ion conductor stnictures are foirmed ivithb a via Tvithm an 
IS ii^atii^ lOatenal layer. 

39. lie Biuhi-cell progrdiiunable microdectronic device of claim 35, ivherdn at 
i^sf a pbilion of the plurality of ion conductor structures are fbnned on a surface of an 
iiisulaliiig inatedal layer. 

2b 

40. A method of fortoing a programmable miaroelectronic structure^ the method 
cotxijxrising the steps of. 

provii&g a substrate; 

foniang a iayer of cJectrOde matrarial of a first type ovetiying the substrate; 
4^ .fiMrining 'an iiBaiiatinB iayo-owlyiaBg tfte la^or of dec&ode material of a first 

" V^-" • 

fdrinm^ a via thrbo^ the ku^latttig layer aiki die layer oi electrode material 

ofafirsttyp^y 

fI^>OSiting ion conductdT material into the via; and 
■30 . filming an dectrodeofa second type overlyiDgthfe ion Gondoctori^ 

41. tbe method of daim 40» wherein the stq> of forming a'via includes 
isotrofttcally etdiing the insulating layer. 
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42. ilie m&od dt daim 40, M^mm the step of fonodtng a via inchides 
'^ds5tropic&n^ etdung the silisalalfflg layer. 

43. The inethod of daim 40^ ^edrein the step of fonning a ina inchides 
i^th>pica%etcJi^ of electrode material of afiisttypCw 

- 44. the method of daim 40, wherdn the ste|> of forming a via includes 
suiiisOtiopicstlly etdungthe layer of dectmde nOsttinal of a &st type. 

45. the itic^hod Of daim 40, ibtther tasnptmng the stq> of applying a bias across 
the dbdrode ma^ail of the first type and the dectrode material of the secotid type to 

: jDOanipulate a coiiceitfration of conductive material in the ion conductor. 

46. The m^od of claim 40^ fiitther cojnpriang the step of s^lying a bias across 
tiie d^ctfode liiaterial of the first type and the dectrode material of the second type to 
ifiiOt^l^ttlilte fm aoiduni of conductive material present in one of the dectrode material of the 
ikHtypetaid the dettrode in^terial of the second type. 

47. The method of daim 40, Tvfaorein the step of depositing ion conductor 
m^^rial comprises de^xositing germanium oisto a sur&ce and reacting the germanium iwith 
IfcSe. 

48: the metl^ of daim 40, Tvherdn the stf|> of depositing Jon conductor 
' ^^£dr^ d^ibj^'es aitseiac didb k Suffiifce imd reactifife the sursi^c vritfa HbSeL 

49. the inethiMi dt daimi 40, ^ereiii the step of d^6siting ion conductor 
iii^erid ctimfttise^ d^Oi^tihg germamum onto a sur&ce and reacting the gennsiiuum tvith 

50. the method of daim 40, Tvherdn the st^ of depositing ion conductor 
materid comprises dqx>riting arsenic oAto a surface and reacting the ars^c ivith B^S, 
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Sh ' A intdthod of fbnomg a progranunable nuctoelecfrcii^ deivice^ the method 
foj^£&[&g idii c^iductor 

dqk:^fitnig an d^diode mat^ai l^er ovedying the km cooduddi stiuctar^ 
**5'- • iiia •* * ■ ' 

pattdmiog the electrode material layer to fom eJeetiodes in contact with the 
.. ^ ion c6i]^ttoir ^6tuff^ 

. 52. . The method of claim 51, ivhesrein the step of forming an ion conductor 
•10 stiiiblidffe ti^ii^^ otito a surface and rok^ting the gennamnm Tvith 

53. A ibdethicki of ibntdng an elednmic devic^^ the i&ethod con^sing the steps 

of. 

15 . forinijDg a first electrode on a snrjace of a substrata 

d6i>o^ting a first ini^IatiDg layer over a isaiface of a the ^st electrode; 
ibk£miig a Via in thef]^ 

depOsitilig a ^todnd idSOlating material within a pbltiosi oif this via; 
dqbsEto^iOlicotuiuctor material tri^ and 
•20 fof^iiibg a sedM electrode erVeriying the ion condttctor. 

54. Ite jd^bthod of forming an eleictionic device of claim 53, wherein the step of 
depositiiig ion coidddoctbr material coxdprises the step of dqK>ang the ion conductor material 
^wyithin a Via fohn^ in dfe seb6nd insulating nVaterial 

di^^d^l^tig'ii 

56. The in^hod of foriaimg an dectronic device of daim 53, wherdn the step of 
• 30 d^o^ting an ion ccKodottor n^crial conyprises fcmning a coiifonnal layer of ion conductor 
inateiiaL 
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Si. the iSiathod of fohmng aii electibiuc device of daim Si, furtiftr ciD^prinog 
tlie' step of reniiciving a pldltidii 6f the ion condDctor matevia) from a ^Drfece of the first 

A mdbbd of foiintng a nnihirceU programmable device^ the method 

fomisg a iirsl dectiode 6A a 5u^^ 
forttdilg a fiik icm condac^or poitkm ov^ 
fonfimg a set^b^ dteiiode ovo^^ 
. fofi&ing a sctotid icm cbi^^ 
foliibbig a third electrode ove^ 

59. :A method of foxmuig a glass compo^tioii, the method compridDg the stq)s 

ot 

sielectiiig ampcnile; 

d^fttmig the a^ptiiiie n^g hydrofiooric adi^ 

drying the ainpoule for abo«n 24 to about 1^ 120^ 

eVaoiatixig the ainponle; 

beatnig' tiie aikij>6de 

filling the ampiottle wkh a dbarge; 

heati% the ainpoule to a temperatm^e bdow the melting temperature of the 
g]!^ cons^tiit^ 

raniping the tetnperat u re at a rate of aboiit 0.5 degrees per mmute to a 
. teat^^atiue about 50 ^ higher thaa th6 fi^dus temperBture of the glas^ and 

rockii^. the glass cdiiiitbard&i St a rite of ^Kilit 20 per idainute foar a 



35 



irt3 



i I 



I 
{ 

112- 



11*- 



165 

H 



160 



120 



2 ^ 



140 



150 



130 
\ 

K 



Vno 



1 



f 



3rt3 




UJ 

I 



CO 

d 

LL 



V- <r- CO 




FIG.4 




PMC 
ELEMENT 



«ORD 



I I 



BIT 



PMG . 
ELEMENT 



T 



•615 



\ I 



'620 



FIG.6 



I 




FiG.a 




FIG.12 



%O02/2i542 



>VO 02/21542 




12/13 



2500 



25310 2520 2540 
2550 I 2560 



I 2550 ) 2560 . / 



FIG.25 




FIG.26 



ihrf^br<AtibNAL search report 



iDtefmtkiial q)|ilkatio» No. 



A. . OASSlliGATIOHC^ SUBJECT MATTER 
U$ (X : : :^3^Jid; 357/57; 36VI% SOIMO 



lire 



tftUiS.&RARClBglD 



iPiiowco ay ciwwiic wioB lyropotsi 



ixxiBDcfoiiOD searcBeo cvDCf iDMi 



dDooMnlalioo to die citett dM si^ 



£ki4i<iti£e'i!bl3i tauiij coofldlctf dtefais'dlfft hilri ii itk teal tcsutib Oiine of dila liite totf^ i^rbfere ptacsScri)le» tenth 
EASt 



. lycxruMsmc^^ td be ttEUSVAKr. 



X 
X 
X 
X 
A 



US 6^796 A (KOZIOa €t 04 Infy 2000 (P4.07 JOOC^ i»L 2, In^ 

lb»25^c<^5-6:cxil.9; cob. lOi. line60-coL ll.riiie6;»dFigs.H>.6B. 

0$ 5,MJB& A(HA^I5t>N el al) 08 Detetnber 1998 (08.12.1998). col. 4» lines 3-15 and 

col.5»lbesl-3]. 

OS 5v3B331 A (KISBiMarb et al> 24 May 1994 C24.0S.199^» col. 3. lines 1-26; col. S. 
Httis 1>47; and 1^3. 

05 4,4i9»421 A (tmCH^LHAli^ tttS)06 December 19» <p6.12.i9S3)» Bg. 2. 
bs 4»499;$57 A(BbL]vteEKG et 12 Febn^ 1985 (12.02J985)* whole 



59 

i-3ji,i2»i7ag^;r^ 

2931^37^^1 
1>58 



5ice pdcni fioul^ 

— » -aLfc- - *■ Ifc. 1. ^ .aJl^'J. -at -a 



1 1 1 Hij ilif yfirtbiiWiNi vttmtitr dtatfnf ifc^ i<gT ipttW tttmk 0» 




Date of [be actttid coiapletioo (rf^ the nc^^ 
Off Wovtd)ber 2001 (ty7J 1.2001) 



Djfcofii 



report 



AHihoki2sedoflioBf' 
KARLEASmOM 



Naonfc aixliDJt3ii« addits of die ISA/US 

BmPCT 

WBbii«K*.Oil 20231 

Facsimile No. (703) 305-3230 



Fom FCT/ISA/2J0 (sxood diect) 



PCi7U^l/iS266 



Boss I Obi^enriit^ wtat kiuUSn daifenii §maa luseBrclfialife (C^sOhaaMaii of Acib 1 fir^ sbttO 



2. D CUiiNi».t. 

— ■» ^'jfcri tf -^— It I'll ii'^i**! ■*< % *• ' •* . - • , . tf 1 - A — 



3. Q CtofiMi.: 

t cc^ BS fe d>Qr stte rtrpftrtdfelt cJaiiiit ttxl anf ddl dlafltd fai MsccvtfaBDB widi Ac second aodl diBd *f ilrff'"t'i''t of Itob 6.4{a)» 



ll&ilrtBniHitinal Sfei&^M^AlBiioni^ fWftMli <teili^ > lft to Wiifei iit tt h jBtHnaaiSowal applkatioiu asfDlWymc 
neve sttt URninianoD-Aaeci 



1. IXi . As^iiqaii^aaiili^ 
scaiicteiMcrcb i te K 

2» J " I A$aO seiki^iidbl& ciiiisto'tii^^ 
p»fmaoti4 auoSp iddiatioal fee. 

X I . t As thly wttb <rf dife" itlqi^tel add h Sbiul sarth ftitt iwafc tiaatly p>id by the t |n i )R^t< » fliii irttttaihifapl scairefa i^iOrt 
nyvcn mrj dosb nannp Km wom m* wcip pBrn^ aiictiiicaifj cmm xwb»» 



4. ItofcqBiredadtfii^^ Onsopd^jr*'^ 

lemiUBo ED mc Bvenooo ihH unuiKiitu n nje ciwibs; m b covcmi oy iuudm noswr 

Rtjiiiih MB Fnited i -A Tht t d£ 6 oni stsuA Ices were scscompBiued by Ae spplicanc's protest. 

I 1 Kb protest acctm iMWtrt <he pagfineat of add S fio m i geardt fees. 



FbfmFCr/ISA/210 (combaatinof ftttsltix«Cl))(lal]r 1998) 



T 



PCTAisoiAg^ 



bdifiisnal electtddtii 

GrtfiiplI, itakoi 3^3^aM 5jS ifrxwb toii in^^ Ib^edC and faavn^ or foniuDS three 

electrodes asd'triH? icin ccodOttne' DUteilidS. 

Gnwp cbkns 40-^ ifrawA l6 tWo metbodi vfKinfttnig^ Iv^^nmniaNft Mttnre - foni^ a vb »d dcpbsidi^ km cobdoctivt 
iDiiuid^ b]f p artcfnfa ^ decQriDdcs apd d^q^ ioii cciwliitiifc iiiatitrid» 
Group IV» cbfibs 53^57, tbaini t^a ttkedMl of fwiriDg dtctmbie devke. 
Qreijp V». ctinn 59* fInfWB Cd a fl a c tttod ot fiMnlBg a glift wwaixwitfoHL 

1ter€k«^ai^ that tfaere^ DO b6^^ Giov^V {ft^rcaedtDfonm&ga gte 

hsvn^ BQ'.oiuABalite and an ndiflfarciil'clcclibdB^ afid an ioo GoitdBCtof . 



Fbrm PCI7ISA/2IO (s^xtal sheet) (hdjr 1998) 



